Background: Current available tools for identifying individuals at high risk for type 2
Introduction
The rising prevalence of type 2 diabetes has a become major public health problem worldwide and it has been predicted to affect 366 million people by the year 2030, of which at least 40 million people would be from China alone 1 . Approximately a 1%
increase in the prevalence of type 2 diabetes will result in 1 million more patients in China, which impose a massive social-economic burden in the community.
Studies have reported that type 2 diabetes is associated with a number of genetic, environmental and lifestyle factors [2] [3] [4] [5] [6] [7] . Recent intervention studies have also clearly
shown that type 2 diabetes could be prevented or delayed through simple lifestyle modification among high risk individuals [8] [9] [10] . Therefore, earlier detection of individuals at high risk for type 2 diabetes is a high priority for primary prevention.
However, current available screening tools for identifying individuals at high risk for type 2 diabetes can be invasive, costly and time-consuming [11] [12] [13] [14] [15] [16] [17] [18] . Furthermore, most diabetes risk scores have been developed in western population 11;13-15;17;17;19;20 , south Asian population 12;18;21;22 and Arabs 23 with application in clinical practice/primary care services 15;17-19 . Such predicting tools are lacking in the Chinese population. We also note that different risk scores are not extrapolated across populations 20 . In addition, some of these risk scores used laboratory tests and required history of medication 12;13;15;16;18 , which limited their use in China due to limited health care resources, especially in private-financing health care services 24 . Easy self-assessment anthropometric measures have been suggested to be good indictors for type 2 diabetes in different populations 25 , and might be used as alternatives for developing screening tools.
So far, no screening tool for type 2 diabetes has been reported in the Chinese population, which results in a large proportion of undiagnosed type 2 diabetes in China 26 . In the current study, we aim to develop and validate a self-assessment tool for identifying individuals at high risk for type 2 diabetes in the Chinese general population.
Research Design and Methods

Study Population
Our analyses are based on data collected from the International Collaborative Study of Cardiovascular Disease in Asia (The InterASIA) conducted in China. The method of this study has been described in detail elsewhere [25] [26] [27] [28] 
Data Collection
Data collection was conducted in examination centers at local health stations or community clinics by trained research staff using a standard questionnaire.
Information included age, gender, self-reported history of diabetes, and the previous diagnosis and treatment of diabetes.
Anthropometric Measurements
Body weight, height, waist circumference (WC), and hip circumference were measured by trained observers according to a standard protocol in the InterASIA 26 .
least 12 hours of fasting and collected by use of vacuum tubes containing sodium fluoride. The serum glucose was measured by using the modified hexokinase enzymatic method (HITACHI automatic clinical analyzer, Model 7060, Japan).
Participants without a prior diagnosis of diabetes were categorized according to the American Diabetes Association diagnostic criteria as follows: undiagnosed diabetes (fasting glucose ≥ 7.0 mmol/l) and impaired fasting glucose (IFG: 6.1-6.9 mmol/l) 29 .
Diabetes was defined as self-reported history of diabetes plus undiagnosed diabetes.
Obesity was defined as BMI of 28 kg/m 2 or higher, overweight was defined as BMI of 24 or higher but less than 28 30 .
Data Analyses
Analysis was conducted in women and men separately. Before building models, the data set was randomly split into two subset samples, 50.2% (n=7, 083) of the data for the training sample and the remaining 49.8% (n=7, 040) for the testing sample.
Continuous variables were expressed as median (25th percentile, 75th percentile) and categorical variables as n (%). Chi-square test was used to analyze categorical data.
Differences in continuous variables were evaluated by Mann Whitney Wilcox on test.
Classification and regression tree (CART) analysis was used to develop a simple self-assessment tool for identifying individuals at high risk for type 2 diabetes. This procedure repeatedly partitioned the data to create subgroups with highly homogenous outcomes 31 . CART constructs a tree that will separate the data in the "best" way by finding binary splits on variables; finds the best splitting variable and the best splitting A multivariable logistic regression model including the same predictors was also developed. The predictive performance of CART analysis was evaluated by using the area under the receiver operating characteristics (ROC) curve (AUC), sensitivity, specificity, the positive predictive value (PPV), and the negative predictive value (NPV).
All analyses were performed using STATA version 9.2 (Stata Corporation, College Station, TX, USA) except the CART analysis was conducted using SPSS 16.0 statistical software package (SPSS, Chicago, IL, USA). A p-value <0.05 was considered statistically significant.
Results
Comparison of the characteristics of the 7,083 participants used to develop the model (training sample) and the 7,040 participants used to test the model (testing sample) are shown in Table 1 . The training sample and the testing sample were similar with respect to age, WHR, BMI, WC and the prevalence of type 2 diabetes.
The overall prevalence of type 2 diabetes was 6.4% (95% confidence interval [CI]:
5.8%, 6.9%) and 6.7% (95% CI: 6.1%, 7.3%) for women and men, respectively. Figure 2 depict the classification tree along with the prevalence of type 2 diabetes in each child node. Of the four common easily known predictors (age, WHR, WC and BMI), WHR and age were selected by the CART analysis for women, whereas WC and age for men. WHR was proved to be the best predictor for women (χ 2 =149.6, p < 0.001) and WC for men (χ 2 =64.01, p < 0.001). Age was the second important predictor for type 2 diabetes in both women and men, respectively.
Figure 1 and
The final child nodes generated by CART analysis stratified women into 8
DRLs and men into 5 DRLs (Figure 1, 2) . The prevalence of type 2 diabetes increased with the increasing of DRLs in both women and men as shown in Figure 3 (women: diabetes with a specificity of 63%.
The CART analysis was able to stratify similar results in both training and testing samples (Figure 1, 2, 4, 5) . The AUCs in the training sample were not significantly different from those in the testing sample for both women and men Other diagnostic statistics were also similar in the two samples ( Table 2) . 
Discussion
In this study, a self-assessment tool with two simple predictors to identify individuals at high risk for type 2 diabetes was developed and successfully validated by CART analysis in a Chinese general population. The final child nodes generated by CART analysis stratified women into 8 DRLs and men into 5 DRLs. Nearly two-thirds of individuals with type 2 diabetes have been identified with a reasonable specificity.
As a developing country, the cost on primary care has already been a colossal burden in China. Moreover, awareness, treatment and control of diabetes are relatively low among Chinese adults 28 . Therefore, it will be of great value to develop a simple tool for identifying individuals at high risk for type 2 diabetes. To the best of our knowledge, no screening tool for diabetes has been developed previously in the Chinese population. As the DRLs generated by CART analysis in this study can be easily applied in general population and identify individuals with diabetes, there is a great potential of its application in primary care settings in resource limited countries.
The predictive performance and discriminative ability of this simple tool is highly comparable to those diabetes risk scores, which composed of different set of clinical variables 11;13;14;17;18 . The AUC of DRLs generated by CART analysis in our study is similar to those in Indian (AUC=0.73) 18 , Thai (AUC=0.74) 12 11;17;19;23 . It is well known that the more variables included in the prediction tool, the less applicable in the general population. Given that diabetes could be prevented or delayed by changing life style and physical activity patterns, it seems more sensible to target individuals at high risk by simple programme, which could be run easily in the general public.
The DRL in this study is very simple and also relatively easy to interpret.
Compared to other diabetes risk scores, this DRL has a moderate sensitivity and a similar PPV (11-14%) 11;14;15 , but a high NPV (95-96%). For identifying individuals with diabetes, the DRL has a sensitivity of 61% with a specificity of 71% in women and a sensitivity of 60% with a specificity of 63% in men. According to NPV, individuals with lower DRL are unlikely to have diabetes (about 95% probability).
This DRL emphasizes people with obesity, especially old people (women > 60 years and men > 50 years). Women with a DRL of 8 (WHR > 0.918) and men with a DRL of 5 (WC > 84 cm) will then need further blood tests and suggest to change to a healthier lifestyle for primary prevention. This information is very important for both the individuals and the health workers when making plans for action.
CART analysis has been proven to perform better than logistic regression model in developing diabetes risk scores 11 . In the current study, CART analysis performed similar results as compared to the multiple logistic regression models in terms of sensitivities, specificities and AUCs. Results of CART analysis also confirmed that central adiposity (e.g., WHR and WC) are better predictors of type 2 diabetes than overall obesity (BMI), which is consistent with previous studies 25 .
There are several advantages of the DRL. First, it is developed in a representative general Chinese population. Our study employed a multistage stratified random sampling method to select a representative national sample from the Chinese general population. Second, the development and validation of the model in 2 separate groups (randomized split sample) is an important strength, which lends support for robustness and generalizability of the results. Third, the final model is quite simple with only two items in a classification tree form. Compared to other diabetes risk scores derived from more variables and also included blood test for glucose 11-14;17 , DRLs can be easily applied at home in the general population. Although adding laboratory results would be more predictive, they were not available in general public, and, thus, were not included in our analysis. Our goal in this study is to develop a parsimonious tool, and not primarily to maximize prediction. Potential limitations of the current analysis must be addressed. First, association between the independent variable and type 2 diabetes may not be causal given the cross-sectional nature of the current study.
Second, our study did not include the younger age group.
Conclusion
The CART based analysis in the current study has created a simple robust tool with considerable discriminative ability and is easy to apply in the general public. We strongly believe that the public health implications of this decision tree are considerable. It is a cost-efficient and practical tool to identify individuals at high risk of type 2 diabetes in the general population and also offer a chance for early prevention measures. 
